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UP-HOLE BUSHING AND CORE BARREL
HEAD ASSEMBLY COMPRISING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 12/898,878, filed Oct. 6, 2010, entitled

“Drniven Latch Mechanism.” This application also claims
priority to and the benefit of U.S. Provisional Application
No. 61/249.,544, filed Oct. 7, 2009, entitled “Driven Latch
Mechanism,” and U.S. Provisional Application No. 61/287,
106, filed Dec. 16, 2009, entitled “Driven Latch Mechanism
for High Productivity Core Drilling.” The contents of the
above-referenced patent applications are hereby incorpo-
rated by reference in their entirety.

FIELD

This invention relates generally to dnlling devices and
methods that may be used to dnll geological and/or man-
made formations. In particular, the ivention relates to
bushings used during up-hole dnlling operations and core
barrel head assemblies 1incorporated such bushings.

BACKGROUND

Exploration drilling can include retrieving a sample of a
desired material (core sample) from a formation. Wireline
drilling systems are one common type of drilling system for
retrieving a core sample. In wireline drilling process, a core
drill bat 1s attached to the leading edge of an outer tube or
drill rod. A drill string 1s then formed by attaching a series
of drill rods that are assembled together section by section
as the outer tube 1s lowered deeper 1nto the desired forma-
tion. A core barrel assembly 1s then lowered or pumped into
the drill string. The core dnll bit 1s rotated, pushed, and/or
vibrated into the formation, thereby causing a sample of the
desired material to enter into the core barrel assembly. Once
the core sample 1s obtained, the core barrel assembly 1s
retrieved from the drill string using a wireline. The core
sample can then be removed from the core barrel assembly.

Core barrel assemblies commonly include a core barrel
for receiving the core, and a head assembly for attaching to
the wireline. Typically, the core barrel assembly 1s lowered
into the drill string until the core barrel reaches a portion the
outer tube or distal most drill rod. At this point a latch on the
head assembly 1s deployed to restrict the movement of the
core barrel assembly with respect to the drill rod. Once
latched, the core barrel assembly 1s then advanced into the
formation along with the drill rod, causing material to fill the
core barrel.

During up-hole drilling operations, water typically builds
up above the core barrel assembly. Drill operators must drain
the built-up water before the core barrel assembly can be
removed. The drainage of this built-up water causes delays
in drilling operations and reduces drilling efliciency.

Thus, there 1s a need 1n the pertinent art for devices,
systems, and methods that improve the drainage of water
from a wire line string and improve drilling efliciency during
up-hole drilling operations.

SUMMARY

One or more implementations of the present imvention
overcome one or more problems 1n the art with drilling tools,
systems, and methods for effectively and efliciently latching
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2

a core barrel assembly to a drill string. For example, one or
more 1mplementations of the present invention include a
core barrel assembly having a driven latch mechamism that
can reliably lock the core barrel assembly 1n a fixed axial
position within a drill string. Additionally, the drive latch
mechanism can reduce or eliminate wear between mating
components of the core barrel assembly and the drill string.
In particular, the driven latch mechanism can rotationally
lock the core barrel assembly relative to the dnll string,
thereby reducing or eliminating sliding contact (and asso-
ciated wear) between mating components of the core barrel
assembly and the drill string.

For example, one implementation of a core barrel head
assembly includes a sleeve having a plurality of latch
openings extending there through. The core barrel head
assembly can also include a driving member positioned at
least partially within the sleeve. The driving member can
include a plurality of planar driving surfaces. Additionally,
the core barrel head assembly can include a plurality of
wedge members positioned on or against the plurality of
planar driving surfaces. The plurality of wedge members can
extend within the plurality of latch openings. The driving
member can wedge the plurality of wedge members between
an inner surface of the drill string and the plurality of planar
driving surfaces, thereby preventing rotation of the core
barrel head assembly relative to the drill string.

Additionally, another implementation of a core barrel
head assembly can include a sleeve, an upper latch body
moveably coupled to the sleeve, and a driving member
positioned at least partially within the sleeve. The core barrel
head assembly can also include a landing member posi-
tioned at least partially within the upper latch body. Further,
the core barrel head assembly can include a plurality of
wedge members positioned on the dniving member. Axial
movement of the drnving member relative to the plurality of
wedge members can move the plurality of wedge members
radially relative to the sleeve between a latched position and
a released position. Still further the core barrel head assem-
bly can include a plurality of braking elements positioned on
the landing member. Axial movement of the landing mem-
ber relative to the plurality of braking elements can move the
plurality of braking elements radially relative to the upper
latch body between a retracted position and an extended
position.

Furthermore, an implementation of a drilling system for
retrieving a core sample can include a drill rod including a
first annular recess extending 1nto an mner diameter of the
drill rod. Also, the drilling system can 1nclude a core barrel
assembly adapted to be inserted within the drill rod. Addi-
tionally, the drilling system can include a driven latch
mechanism positioned within the core barrel assembly. The
driven latch mechanism can include a drniving member
including a plurality of planar driving surfaces, and a
plurality of wedge members. Axial displacement of the
driving member relative to the plurality of wedge members
can push or force the plurality of wedge into the first annular
recess of the drill rod, thereby axially locking the core barrel
head assembly relative to the drill rod. Furthermore, rotation
of the drill rod can cause the plurality of wedge members to
rotationally lock the core barrel assembly relative to the dnll
rod.

In addition to the foregoing, a method of drilling can
involve mserting a core barrel assembly within a drill string.
The core barrel assembly can comprise a driven latch
mechanism including a plurality of wedge members posi-
tioned on a plurality of planar driving surfaces. The method
can further mvolve moving the core barrel assembly within
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the drill string to a drilling position. The method can also
involve deploying the plurality of wedge members into an
annular groove of the drill string. Additionally, the method
can 1nvolve rotating the drill string thereby causing the
plurality of wedge members to wedge between the inner
diameter of the dnll string and the plurality of planar driving
surfaces. The wedging of the plurality of wedge members
can rotationally lock the core barrel assembly relative to the
drill string.

Also described herein 1s a bushing for positioning within
a core barrel head assembly during an up-hole drilling
operation. The bushing has a longitudinal axis and a wall
having an inner surface and an outer surface. The inner
surface of the bushing can define an inlet, an outlet, and a
central bore of the bushing. The central bore of the bushing
can surround the longitudinal axis of the bushing and extend
between the ilet and the outlet of the bushing. The outer
surface of the bushing can have a first portion positioned
proximate the inlet of the bushing and a second portion
positioned proximate the outlet of the bushing. The first
portion of the outer surface can project outwardly from the
second portion of the outer surface relative to the longitu-
dinal axis of the bushing such that the first portion of the
outer surface defines opposed first and second shoulder
surfaces extending substantially perpendicularly relative to
the longitudinal axis of the bushing. Optionally, the inner
surface of the bushing can define a projection positioned
between the inlet and the outlet of the bushing within the
central bore of the bushing.

A core barrel head assembly having a longitudinal axis
can be provided with a sleeve, a lower latch body, a piston,
and an up-hole bushing as described above. The sleeve can
define at least one fluid port and have an 1nner surface. The
inner surface of the sleeve can have an inner projection. The
lower latch body can be removably coupled to the sleeve.
The piston can have an end portion and an elongate shatt
portion. The piston can be configured for axial movement
relative to the longitudinal axis of the core barrel head
assembly. The bushing can be positioned within the sleeve.
The longitudinal axis of the bushing can be aligned with the
longitudinal axis of the core barrel head assembly. At least
a portion of the outer surface of the bushing can be config-
ured for engagement with the inner surface of the sleeve.
The first shoulder surface of the bushing can be configured
for engagement with the lower latch body, while the second
shoulder surface of the bushing can be configured for
engagement with the inner projection of the sleeve. The
central bore of the bushing can be configured to receive at
least a portion of the piston such that axial movement of the
piston relative to the longitudinal axis of the core barrel
assembly selectively controls fluid flow through the bushing.

Additional advantages of the mnvention will be set forth 1n
part 1n the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out 1n the appended claims. It 1s
to be understood that both the foregoing general description
and the following detailed description are exemplary and
explanatory only and are not restrictive of the invention, as
claimed.

DETAILED DESCRIPTION OF THE FIGURES

These and other features of the preferred embodiments of
the mvention will become more apparent in the detailed
description 1n which reference 1s made to the appended
drawings wherein:
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FIG. 1 illustrates a schematic view a drilling system
including a core barrel assembly having a driven latch

mechanism 1n accordance with an implementation of the
present 1nvention;

FIG. 2 illustrates an enlarged view of the core barrel
assembly of FIG. 1, further illustrating a head assembly and
a core barrel;

FIG. 3 illustrates an exploded view of the head assembly
of FIG. 2;

FIG. 4 illustrates a cross-sectional view of the core barrel
assembly of FIG. 2 taken along the line 4-4 of FIG. 2;

FIG. 5 1llustrates a cross-sectional view of the core barrel
assembly of FIG. 2 similar to FIG. 4, albeit with the driven
latch mechanism in position for pumping the core barrel
assembly within a dnll string;

FIG. 6A 1illustrates a cross-sectional view of the core
barely assembly of FIG. 5 taken along the line 6-6 of FIG.
5 1 which a braking mechanism engages a drill rod having
a first inner diameter:

FIG. 6B illustrates a cross-sectional view of the core
barely assembly of FIG. 5 similar to FIG. 6A, albeit with the
braking mechanism engaging a drill rod having a diameter
larger than the first diameter;

FIG. 7 illustrates a cross-sectional view of the core barrel
assembly similar to FIG. 4, albeit with the driven latch
mechanism latched to the drill string;

FIG. 8 1llustrates a cross-sectional view of the core barrel
assembly of FIG. 7 taken along the line 8-8 of FIG. 7; and

FIG. 9 1llustrates a cross-sectional view of the core barrel
assembly similar to FIG. 4, albeit with the driven latch
mechanism 1n a released position allowing for retrieval of
the core barrel assembly from the drill string.

FIG. 10 1llustrates a cross-sectional view of an exemplary
core barrel assembly having an up-hole bushing as described
herein. The driven latch mechanism of the core barrel
assembly 1s shown 1n an extended/deployed position.

FIG. 11 1s a cross-sectional view of the core barrel
assembly of FIG. 10, with the driven latch mechanism 1n a
retracted position.

FIGS. 12-14 depict an exemplary up-hole bushing as
described herein. FIG. 12 1s a bottom perspective view of the

up-hole bushing. FIG. 13 15 a top perspective view of the
up-hole bushing of FIG. 13. FIG. 14 1s a cross-sectional

view of the up-hole bushing of FIG. 13

DETAILED DESCRIPTION

The present mnvention can be understood more readily by
reference to the following detailed description, examples,
drawings, and claims, and their previous and following
description. However, before the present devices, systems,
and/or methods are disclosed and described, it 1s to be
understood that this invention 1s not limited to the specific
devices, systems, and/or methods disclosed unless otherwise
specified, as such can, of course, vary. It 1s also to be
understood that the terminology used herein i1s for the
purpose ol describing particular aspects only and 1s not
intended to be limiting.

The following description of the invention 1s provided as
an enabling teaching of the mvention 1n 1ts best, currently
known embodiment. To this end, those skilled in the relevant
art will recognize and appreciate that many changes can be
made to the various aspects of the invention described
herein, while still obtaiming the beneficial results of the
present invention. It will also be apparent that some of the
desired benefits of the present invention can be obtained by
selecting some of the features of the present invention




US 9,528,337 B2

S

without utilizing other features. Accordingly, those who
work 1n the art will recognize that many modifications and
adaptations to the present invention are possible and can
even be desirable 1n certain circumstances and are a part of
the present mvention. Thus, the following description 1s
provided as 1llustrative of the principles of the present
invention and not 1n limitation thereof.

As used throughout, the singular forms *“a,” “an” and
“the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a wood
layer” can include two or more such wood layers unless the
context indicates otherwise.

Ranges can be expressed heremn as from “about” one
particular value, and/or to “about™ another particular value.
When such a range i1s expressed, another aspect includes
from the one particular value and/or to the other particular
value. Similarly, when values are expressed as approxima-
tions, by use of the antecedent “about,” 1t will be understood
that the particular value forms another aspect. It will be
turther understood that the endpoints of each of the ranges
are significant both in relation to the other endpoint, and
independently of the other endpoint.

As used herein, the terms “optional” or “optionally” mean
that the subsequently described event or circumstance may
or may not occur, and that the description includes instances
where said event or circumstance occurs and instances
where 1t does not.

The word “or” as used herein means any one member of
a particular list and also includes any combination of mem-
bers of that list.

Core Barrel Head Assemblies Having Driven Latch
Mechanisms

Implementations of the present mvention are directed
toward drnlling tools, systems, and methods for effectively
and efliciently latching a core barrel assembly to a drill
string. For example, one or more implementations of the
present invention include a core barrel assembly having a
driven latch mechanism that can reliably lock the core barrel
assembly 1n a fixed axial position within a drill string.
Additionally, the drive latch mechanism can reduce or
climinate wear between mating components of the core
barrel assembly and the drnll string. In particular, the driven
latch mechanism can rotationally lock the core barrel assem-
bly relative to the drill string, thereby reducing or eliminat-
ing sliding contact (and associated wear) between mating
components of the core barrel assembly and the drill string.

Assemblies, systems, and methods of one or more 1mple-
mentations can include or make use of a driven latch
mechanism for securing a core barrel assembly at a desired
position within a tubular member, such as a drill rod of a drill
string. The driven latch mechamism can include a plurality of
wedge members, and a driving member having a plurality of
driving surfaces. The driving surfaces drive the wedge
members to mteract with an inner surface of a drill rod to
latch or lock the core barrel assembly 1n a desired position
within the drill string. Thereafter, rotation of the drill rod can
cause the wedge members to wedge between the drive
surfaces and the iner diameter of the drill rod, thereby
rotationally locking the core barrel relative to the drill string.

Furthermore, one or more implementations provide a
driven latch mechanism that can maintain a deployed or
latched condition despite vibration and inertial loading of
mating head assembly components due to drilling operations
or abnormal drill string movement. Also, one or more
implementations can provide a latch mechanism that does
not disengage or retract unintentionally, and thus prevents
the core barrel inner tube assembly from rising from the
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drilling position 1n a down-angled hole, or falling unan-
nounced from an up-angled drill hole.

Additionally, one or more implementations can include a
braking mechanism that can prevent the core barrel assem-
bly from unintentionally sliding out of the drill string 1n an
uncontrolled and possibly unsaie manner. In particular, the
braking mechanism can include a landing member and a
plurality of brake elements. The landing member can push
the plurality of brake elements against an 1nner surface of a
drill string, allowing the braking mechanism to stop axial
movement of the core barrel assembly within or relative to
the drill string. In one or more implementations, the landing
member can include a taper such that varying the axial
position of the landing member varies the radial position of
the brake elements, thereby allowing the brake elements to
maintain engagement with a variable inner diameter of a
drill string.

For ease of reference, the driven latch mechanism shall be
described with generally planar driving surfaces and spheri-
cal or ball-shaped wedge members. It will be appreciated
that the driving members can have any number of driving
surfaces with any desired shape, including, but not limited
to, convex, concave, patterned or any other shape or con-
figuration capable of wedging a wedge member as desired.
Further, the wedge members can have any shape and con-
figuration possible. In at least one example, a universal-type
jomt can replace the generally spherical wedge members,
tapered planar drive surfaces, and accompanying sockets.
Thus, the present invention can be embodied in other
specific forms without departing from 1ts spirit or essential
characteristics. The described embodiments are to be con-
sidered 1n all respects only as 1llustrative and not restrictive.

In other words, the following description supplies specific
details 1n order to provide a thorough understanding of the
invention. Nevertheless, the skilled artisan would under-
stand that the apparatus and associated methods of using the
apparatus can be implemented and used without employing
these specific details. Indeed, the apparatus and associated
methods can be placed into practice by moditying the
illustrated apparatus and associated methods and can be used
in conjunction with any other apparatus and techniques. For
example, while the description below focuses on core
sample operations, the apparatus and associated methods
could be equally applied i other drilling processes, such as
in conventional borehole drilling, and may be used with any
number or varieties of drilling systems, such as rotary drill
systems, percussive drill systems, etc.

Further, while the Figures show six wedge members 1n the
latching mechanism, any number of latches may be used. In
at least one example, five ball-shaped wedge members will
be used 1n a driven latch mechanism. Similarly, the precise
configuration of components as 1llustrated may be modified
or rearranged as desired by one of ordinary skill. Addition-
ally, while the 1illustrated implementations specifically dis-
cuss a wireline system, any retrieval system may be used,
such as a drill string.

As shown 1n FIG. 1, a drilling system 100 may be used to
retrieve a core sample from a formation 102. The drilling
system 100 may 1nclude a drill string 104 that may include
a drill bit 106 (for example, an open-faced drill bit or other
type ol drill bit) and/or one or more drill rods 108. The
drilling system 100 may also include an in-hole assembly,
such as a core barrel assembly 110. The core barrel assembly
110 can include a driven latch mechanism configured to lock
the core barrel assembly at least partially within a distal drill
rod or outer tube 112, as explained 1n greater detail below.
As used herein the terms “down” and *“distal end” refer to
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the end of the dnll string 104 including the drill bit 106,
whether the drill string be oriented hornizontally, at an
upward angle, or a downward angle relative to the horizon-
tal. While the terms “up” or “proximal” refer to the end of
the drill string 104 opposite the drill bit 106.

The drilling system 100 may include a drill rig 114 that
may rotate and/or push the drill bit 106, the core barrel
assembly 110, the drll rods 108 and/or other portions of the
drill string 104 1nto the formation 102. The drnll rig 114 may
include, for example, a rotary drill head 116, a sled assembly
118, a slide frame 120 and/or a drive assembly 122. The dnll
head 116 may be coupled to the drill string 104, and can
allow the rotary drill head 116 to rotate the drill bit 106, the
core barrel assembly 110, the drill rods 108 and/or other
portions of the drill string 104. If desired, the rotary dnll
head 116 may be configured to vary the speed and/or
direction that it rotates these components. The drive assem-
bly 122 may be configured to move the sled assembly 118
relative to the slide frame 120. As the sled assembly 118
moves relative to the slide frame 120, the sled assembly 118
may provide a force against the rotary drill head 116, which
may push the drill bit 106, the core barrel assembly 110, the
drill rods 108 and/or other portions of the drill string 104
turther into the formation 102, for example, while they are
being rotated.

It will be appreciated, however, that the drill g 114 does
not require a rotary drill head, a sled assembly, a slide frame
or a drive assembly and that the drill rig 114 may include
other suitable components. It will also be appreciated that
the drilling system 100 does not require a drill rig and that
the drilling system 100 may include other suitable compo-
nents that may rotate and/or push the drill bit 106, the core
barrel assembly 110, the drill rods 108 and/or other portions
of the drill string 104 into the formation 102. For example,
sonic, percussive, or down hole motors may be used.

The core barrel assembly 110 may include an 1nner tube
or core barrel 124, and a head assembly 126. The head
assembly 126 can include a driven latch mechanism 128. As
explained 1n greater detail below, the driven latch mecha-
nism 128 can lock the core barrel 124 within the drill string,
104, and particularly to the outer tube 112. Furthermore, the
driven latch mechanism 128 can rotationally lock the core
barrel assembly 110 to the drill string 104 thereby prevent-
ing wear due to rotation or sliding between the mating
components of the driven latch mechanism 128 and the drill
string 104.

Once the core barrel 124 1s locked to the outer tube 112
via the driven latch mechanism 128, the drill bit 106, the
core barrel assembly 110, the drill rods 108 and/or other
portions of the drill string 104 may be rotated and/or pushed
into the formation 102 to allow a core sample to be collected
within the core barrel 124. After the core sample 1s collected,
the core barrel assembly 110 may be unlocked from the outer
tube 112 and drill string 104. The core barrel assembly 110
may then be retrieved, for mstance using a wireline retrieval
system, while the drill bit 106, the outer tube 112, one or
more of the drill rods 108 and/or other portions of the dnll
string 104 remain within the borehole.

The core sample may be removed from core barrel 124 of
the retrieved core barrel assembly 110. After the core sample
1s removed, the core barrel assembly 110 may be sent back
and locked to the outer tube 112. With the core barrel
assembly 110 once again locked to the outer tube 112, the
drill bit 106, the core barrel assembly 110, the drll rods 108
and/or other portions of the drill string 104 may be rotated
and/or pushed further into the formation 102 to allow
another core sample to be collected within the core barrel
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124. The core barrel assembly 110 may be repeatedly
retrieved and sent back 1n this manner to obtain several core
samples, while the drll bit 106, the outer tube 112, one or
more of the drill rods 108 and/or other portions of the drill
string 104 remain within the borehole. This may advanta-
geously reduce the time necessary to obtain core samples
because the drill string 104 need not be tripped out of the
borehole for each core sample.

During some drilling processes, hydraulic pressure may
be used to pump and/or advance core barrel assembly 110
within the dnll string 104 to the outer tube 112. In particular,
hydraulic pressure may be used to pump the core barrel
assembly 110 within the drill string 104 to the outer tube 112
when the drill string 104 1s oriented upwardly relative to the
horizontal (as shown in FIG. 1), 1s oniented generally
horizontally, or oriented with a slight downward angle
relative to the horizontal. To allow for the core barrel
assembly 110 to be pumped to the outer tube 112, the core
barrel assembly 110 can further include a seal 130 config-
ured to form a seal with one or more portions of the drll
string 104, such as, inner walls of the drill rods 108. The seal
130 may be further configured as a pump-in seal, such that
pressurized tluid pumped into the drill string 104 behind the
seal 130 may cause hydraulic pressure behind the seal 130
to pump and/or advance the core barrel assembly 110 within
and along the drill string 104 until the core barrel assembly
110 reaches a desired position (for instance, a position at
which the core barrel assembly 110 can be connected to the
outer tube 112 as discussed above).

In operation, 1t 1s contemplated that the pressurized fluid
pumped into the drill string 104 can build up behind the core
barrel assembly 110 during retrieval (when the valve 1s 1n an
open position) as described further heremn. It 1s further
contemplated that the build-up of the pressurized fluid will
not occur during pump-in of the core barrel assembly 110
(when the valve 1s 1n a closed position) as described further
herein. In 1nclined holes, 1t 1s contemplated that the appli-
cation of pressurized fluid during retraction of the core
barrel assembly 110 can prevent application of a braking
mechanism (as described further herein) by lifting the
weight and spring force ofl of the braking mechanism. In
exemplary aspects, 1t 1s contemplated that the bushing 600
described further herein and depicted 1n FIGS. 10-14 can
allow the valve element described herein to remain closed
during retraction of the core barrel assembly such that fluid
pressure can be maintained. It 1s further contemplated that
the bushing 600 can be applied to a core barrel assembly 110
as described herein without a braking mechanism, thereby
permitting application of flud pressure to remove weight
and spring force from any latching mechanism, ensuring a
substantially load-free un-latching process, and preventing
build-up of pressurized tluid.

In one or more implementations, the core barrel assembly
110 can further include a braking mechanism 132. The
braking mechanism 132 can help prevent unintended expul-
s10n of the core barrel assembly 110 from the drnll string 104.
Thus, the braking mechanism 132 can allow wireline
retrieval systems to be used in up-hole drilling operations
without the danger of the core barrel assembly 110 sliding
out of the dnll string 104 in an uncontrolled and possibly
unsafe manner. Accordingly, the braking mechanism 132
can resist unintended removal or expulsion of the core barrel
assembly 110 from the borehole by deploying the braking
clements into a frictional arrangement between an inner wall
of the casing or drill string 104 (or borehole).

FIG. 2 illustrates the core barrel assembly 110 in greater
detail. As previously mentioned, the core barrel assembly
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110 can include a head assembly 126 and a core barrel 124.
The head assembly 126 can include a spear head assembly
200 adapted to couple with an overshot, which 1 turn can
be attached to a wireline. Furthermore, the head assembly
126 can include a first member 202 that can house the
braking mechanism 132, and a sleeve 204 that can house the
driven latch mechanism 128.

FIGS. 3 and 4 and the corresponding text, illustrate or
describe a number of components, details, and features of
the core barrel assembly 110 shown i FIGS. 1 and 2. In
particular, FIG. 3 illustrates an exploded view of the head
assembly 126. While FIG. 4 1llustrates a side, cross-sectional
view of the core barrel assembly 110 taken along the line 4-4
of FIG. 2. FIG. 4 illustrates the driven latch mechanism 128

and the braking mechanism 132 1n a fully deployed state. As
shown by FIGS. 3 and 4, the dniven latch mechanism 128
can include a plurality of wedge members 300. In one or
more 1mplementations, the wedge members 300 can com-
prise a spherical shape or be roller balls, as shown 1n FIGS.
3 and 4. The wedge members 300 may be made of steel, or
other 1ron alloys, titantum and titanium alloys, compounds
using aramid fibers, lubrication impregnated nylons or plas-
tics, combinations thereof, or other suitable materials.

The wedge members 300 can be positioned on or against
a driving member 302. More particularly, the wedge mem-
bers 300 can be positioned on generally planar or flat driving,
surfaces 304. As explaimned 1n greater detail below, the
generally planar configuration of the dniving surfaces 304
can allow the wedge members 300 to be wedged between the
driving member 302 and the inner diameter of a drill string
to rotationally lock the core barrel assembly 110 to the dnll
string.

FIGS. 3 and 4 further illustrate that the wedge members
300 can extend through latch openings 306 extending
through the generally hollow sleeve 204. The latch openings
306 can help hold or maintain the wedge members 300 1n
contact with the driving surfaces 304, which 1 turn can
ensure that axial movement of the driving member 302
relative to the sleeve 204 results 1n radial displacement of the
wedge members 300. As explained 1n greater detail below,
as the driving member 302 moves axially toward or farther
into the sleeve 204, the driving surfaces 304 can force the
wedge members 300 radially outward of the sleeve 204 to a
deployed or latched position (FIG. 7). Along similar lines, as
the driving member 302 moves axially away from, or out of
the sleeve 204, the wedge members 300 can radially retract
at least partially into the sleeve 204 1nto a released position
(FIG. 5).

In one or more implementations, the driving member 302,
and more particularly the planar driving surfaces 304 can
have a taper, as shown 1n FIGS. 3 and 4. The taper can allow
the driving member 302 to force the wedge balls 300 radially
outward as the driving member 302 moves axially closer to,
or within, the sleeve 204. Also, the taper of the driving
member 302 can allow the wedge members 300 to radially
retract at least partially mto the sleeve 204 when the driving
member 302 moves axially away from the sleeve 204. One
will appreciate that the driving member 302 (and drniving
surfaces 304) need not be tapered. For example, 1n alterna-
tive implementations, the driving member 302 can include a
first portion have a smaller diameter, a transition portion,
and a second portion with a larger diameter. In other words,
the driving member 302 can include a step between a smaller
diameter and a larger diameter 1nstead of a taper along 1ts
length. The smaller diameter portion of the driving member
302 of such implementations can allow the wedge balls 300
to retract at least partially into the sleeve 204, and the larger
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diameter of the driving member 302 can force the wedge
balls 300 radially outward 1n order to lock or latch to the drill
string.

FIGS. 3 and 4 further illustrate that in addition to the
driving member 302, the first member 202 can include an
upper latch body 308. The upper latch body 308 can be
generally hollow and can house the braking mechanism 132.
As shown by FIGS. 3 and 4, the braking mechanism 132 can
include a plurality of braking elements 310. In one or more
implementations, the braking elements 310 can comprise a
spherical shape or be roller balls, as shown 1 FIGS. 3 and
4. In other examples, the braking elements 310 may be flat,
may have a cylindrical shape, or may have a wedge shape,
to 1increase the braking surface area of the braking elements
310 against a casing and/or a comnical surface. In other
embodiments, the braking elements 310 may be of any shape
and design desired to accomplish any desired braking char-
acteristics.

The braking elements 310 may be made of any material
suitable for being used as a compressive ifriction braking
clement. For example, the braking elements 310 may be
made of steel, or other 1ron alloys, titanium and titanium
alloys, compounds using aramid fibers, lubrication impreg-
nated nylons or plastics, or combinations thereof. The mate-
rial used for any braking element 310 can be the same or
different than any other braking element 310.

The braking elements 310 can be positioned on a landing,
member 312. More particularly, the braking elements 310
can be positioned on generally conical or tapered landing
member 312. As explained in greater detail below, the
generally conical or tapered shape of the landing member
312 can allow the braking elements 310 to engage or
maintain contact with an 1mner diameter of a drill rod that
varies along its length. For example, some drill rods or
casing have a first smaller inner diameter at their ends (near
couplings) and a larger inner diameter near the their center.
The larger mner diameter can allow for increase tluid tlow
around a core barrel assembly, and thus, faster tripping 1n
and tripping out of a core barrel assembly. The tapered or
conical configuration of the landing member 312 can allow
axial translation of the landing member 312 to result in
radial displacement of the braking elements 310, which in
turn allow the braking elements 310 to move 1n and out of
contact with the nner surface of an associated drill rod to
prevent unintended or unwanted expulsion, as will be dis-
cussed 1n more detail below.

FIGS. 3 and 4 further 1llustrate that the braking elements
310 can extend through brake openings 314 extending
through the generally first member 308. The brake openings
314 can help hold or maintain the braking elements 310 1n
contact with the tapered surface of the landing member 312,
which in turn can ensure that axial movement of the landing
member 312 relative to the upper latch body 308 results in
radial displacement of the braking eclements 310. As
explained 1n greater detail below, as the landing member 312
moves axially out of or away from the upper latch body 308,
the tapered surface(s) of the landing member 312 can force
the braking elements 310 radially outward of the upper latch
body 308 to an extended position. Along similar lines, as the
landing member 312 moves axially toward or farther into the
upper latch body 308, the braking elements 310 can radially
retract at least partlally into the upper latch body 308 nto a
retracted position.

One will appreciate that the sleeve 204, first member 202,
and landing member 312 can all be coupled together. In
particular, as shown by FIGS. 3 and 4, in at least one
implementation a first pin 320 can extend through a mount-
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ing channel 322 1n the landing member 312. The first pin 320
can then extend through mounting slots 324 of the first
member 202 (and more particularly the driving member
302). From the mounting slots 324, the first pin 320 can
extend 1nto mounting holes 326 in the sleeve 204. Thus, the
landing member 312 and the sleeve 204 can be axially fixed
relative to each other. On the other hand, the mounting slots
324 can allow the landing member 312 and the sleeve 204
to move axially relative to the first member 202 or vice
versa. Axial movement between the first member 202 and
the sleeve 204 can cause the driving surfaces 304 to move
the wedge members 300 radially outward and inward. While
axial movement between the landing member 312 and the
first member 202 can cause the landing member 312 to move
the braking elements 310 radially outward and inward.

FIGS. 3 and 4 further illustrate that the head assembly 126
can include a biasing member 330. The biasing member 330
can bias the landing member 312 axially away from the
driving member 302. The biasing of the landing member 312
away Irom the dniving member 302 can tend to force the
landing member 312 against the braking elements 310,
thereby biasing the braking elements 310 radially outward.
Similarly, 1n one or more implementations, the biasing
member 330 can bias the driving member 302 against the
wedge members 300, thereby biasing the wedge members
300 radially outward. The biasing member 330 can comprise
a mechanical (e.g., spring), magnetic, or other mechanism
configured to bias the landing member 312 axially away
from the dnving member 302. For example, FIGS. 3 and 4
illustrate that the biasing member 330 can comprise a coil
spring.

The head assembly 126 can further include a brake head
340. The brake head 340 can be coupled to the landing
member 312. In one or more implementations, the brake
head 340 can comprise a stop configured to prevent the
brake elements 310 from leaving the tapered surface of the

landing member 312.
Still further, FIGS. 3 and 4 1llustrate that the head assem-

bly 126 can include a fluid control member 342. The tluid
control member 342 can include a piston 344 and a shaft
345. The shaft 345 can include a channel 346 defined
therein. A piston pin 348 can extend within the channel 346
and be coupled to pin holes 350 within the first member 202
(and particularly the driving member 302). The channel 346
can thus allow the piston 344 to move axially relative to the
driving member 302. In particular, as explained 1n greater
detail below, piston can move axially relative to the first
member 202 in and out of engagement with a seal or bushing,
352 forming a valve. The interaction of the fluid control
member 342 will be discussed 1n more detail hereinaftter.

In conjunction with the fluid control member 342 and seal
130, the core barrel assembly 110 can include various
additional features to aid in pumping the core barrel assem-
bly 110 down a drill string 104. In particular, the sleeve 204
can include one or more fluid ports 370 extending through
the sleeve 204. Additionally, the sleeve 204 can include one
or more axial grooves 372 extending at least partially along
the length thereof. Similarly, first member 202 can include
one or more fluid ports 376 extending through the first
member 202. Furthermore, the first member 202 can include
one or more axial grooves 378 extending at least partially
along the length thereof.

One will appreciate 1n light of the disclosure herein that
the fluid ports 372, 376 can allow fluid to flow from the
outside diameter of the head assembly 126 into the center or
bore of the head assembly 126. The axial grooves 378 on the
other hand can allow flmid to flow axially along the head
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assembly 126 between the outer diameter of the head
assembly 126 and the inner diameter of a drill string 104. In
addition to the tfluid ports and axial grooves, the core barrel
assembly 110 can include a central bore 380 that can allow
fluid to tlow internally through the core barrel assembly 110,
past the seals 130.

As previously mentioned, the head assembly 126 can
include a spearhead assembly 200. The spear head assembly
200 can be coupled to the first member 202 via a spearhead
pin 360. The spearhead pin 360 can extend within a mount-
ing channel 362 in the spearhead assembly 200, thereby
allowing the spearhead assembly 200 to move axially rela-
tive to the first member 202.

Referring now to FIGS. 5-9 operation of the core barrel
assembly 110, driven latch mechanism 128, and braking
mechanism 132 will now be described 1n greater detail. As
previously mentioned, 1in one or more implementations of
the present invention the core barrel assembly 110 can be
pumped 1nto a drill string 104 using hydraulic pressure. For
example, FIG. 5 illustrates the core barrel assembly 110 as
it 1s tripped into or down a drill string 104.

Specifically, FIG. § illustrates that the piston 344 1s
positioned against the bushing 352, thereby sealing off the
central bore 380. Furthermore, the seal 130 seals the core
barrel assembly 110 to the dnll string 104. Thus, 1in the
pump-in configuration shown by FIG. 5, fluid cannot pass
through past the bushing 352 and piston 344 through the
central bore 380 or past the seal 130 between 1n an annulus
between the core drill barrel assembly 110 and the inner
diameter 502 of the drill string 104. As such, as fluid 1s
pumped into the drill string 344, the hydraulic pressure acts
on the core barrel assembly 110 (piston 344 etc.) and pushes
the core barrel assembly 110 down the drill string 104.

As the core barrel assembly 110 1s pumped down the drill
string 104, the pump-in force can act on the piston 344,
causing the proximal end of the piston channel 346 to
engage the piston pin 344. Thus, the pump 1n force can exert
a distally directed force on the piston 344 and the first
member 202 (as the first member 202 1s secured to the piston
pin 348). At the first member 202 1s pushed distally by the
pump in force, 1t can cause the braking elements 310 to ride
distally along the tapered surface of the landing member
312. This 1s at least in part because the biasing member 330
exerts a proximal force on the landing member 312. The
axial movement of the braking elements 310 (1n the distal
direction) relative to the tapered surface of the landing
member 312 can force the braking elements radially outward
until the braking elements 310 ride on the inner diameter 502
of the dnll string 104 as shown by FIG. 5. Thus, the biasing
member 330 can help retain the braking elements 310 1n an
extended position as the core barrel assembly 110 1s pumped
down the drill string 104.

With the braking elements 310 riding on the inner diam-
cter 502 of the drill string 104, any further distal movement
of the braking elements 310, piston pin 348, and piston 344
relative to the landing member 312 and sleeve 204 can be
prevented. Thus, the piston 344 can be prevented from being
pushed through the bushing 352 by the pump in force.
Additionally, the driving member 302 can be prevented from
moving axially 1n the distal direction relative to the sleeve
204, which can retain 1n a radially retracted portion. Main-
taining the wedge members 300 at least partially retracted
within the sleeve 204 can reduce friction between the dnll
string 104 and the latch mechanism 128, thereby increasing
the speed with which the core barrel assembly 110 can be
tripped down the dnll string 104.
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One will appreciate 1n light of the disclosure herein that
the braking mechanism 132 can help prevent unintentional
proximal movement of the core barrel assembly 110. For
example, 1f proximal force were to act on the core barrel
assembly 110 (such as gravity overcoming the pump 1n force
due to a hydraulic problem), the landing member 312 can be
urged proximally relative the braking elements 310 thereby
forcing the braking elements 310 radially outward against
the drill string 104 and braking or stopping proximal move-
ment of the core barrel assembly 110. Thus, the braking
mechanism 132 can act as a safety feature to prevent
unintentional or undesired falling of the core barrel assem-
bly 110.

Additionally, as previously mentioned, the braking
mechanism 132 can allow for vanation in the inner diameter
of the dnll string 104, such as that associate with quick
decent casings and drill rods. In particular, FIG. 6A 1llus-
trates a cross-sectional view of the head assembly 126 taken
along the lmme 6-6 of FIG. 5 (i.e., through the braking
clements 310). As shown by FIG. 6A, the landing member
312 can force the braking elements 310 radially outward into
contact with the mner diameter 502 of the drill string 104.
In at least one implementation, the landing member 312 can
have a generally circular cross-section as shown by FIG. 6 A,
this call allow the braking elements 310 to roll along the drill
string 104 as the core barrel assembly 110 1s pumped down
the drill sting 104.

As previously mentioned, 1n one or more 1mplementa-
tions, the landing member 312 can include a taper such that
varying the diameter of the landing member 312 varies
along its length. This in combination with the biasing
member 330 can ensure that the barking clements 310
maintain engagement with the iner diameter of the dnll
string 104 even 11 it varies. For example, FIG. 6B 1llustrates
a cross-sectional view similar to that of FIG. 6 A albeit with
the braking mechanism positioned at a point in the dnll
string 104 having an inner diameter D2 larger that the inner
diameter D1 of the drill string 104 shown 1n FIG. 6A. As
shown, despite the change 1n inner diameter 502 of the drll
string 104, the landing member 312 can ensure that the
braking elements 310 maintain engagement with the inner
diameter 502 of the dnll string 104.

Referring now to FIG. 7, once the in-hole assembly or
core barrel assembly 110 has reached 1its desired location
within the drill string 104; the distal end of the core barrel
assembly 110 can pass through the last drill rod and land on
a landing ring that sits on the top of the outer tube 112. At
this point, the braking elements 310 can be axially aligned
with a first annular groove 700 in the drill string 104. At this
point the biasing member 330 can more fully deploy, push-
ing the landing member 312 proximally thereby pushing the
braking elements 310 radially outward into the first annular
groove 700.

Furthermore, once the core barrel assembly 110 has
landed on the landing ring of the outer tube 112, the first
member 202 can move distally toward (and 1n some 1mple-
mentations at least partially into) the sleeve 204. This
movement can cause the drniving surfaces 304 drive the
wedge members 300 radially outward (through the latch
openings 306) and into engagement with the mner diameter
104 of the dnll string 104. In particular, the wedge members
300 can be driven into engagement with a second annular
groove 702 formed 1n the inner surface 502 of the drill string
104.

With the wedge members 300 deployed in the second
groove 702, the driven latch mechanism 128 can lock the
core barrel assembly 110 axially 1n the drilling position. In
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other words, the wedge members 300 and the annular groove
702 can prevent axial movement of the core barrel assembly
110 relative to the outer tube 112. In particular, the driven
latch mechamism 128 can withstand the drilling loads as a
sample enters the core barrel 124. Additionally, the dnive
latch mechanism 128 can maintain a deployed or latched
condition despite vibration and inertial loading of mating
head assembly components, due to drnlling operations or
abnormal drill string movement.

One will appreciate that the when 1n the drilling position,
the biasing member 330 can force the dnving member 302
distally, thereby forcing the wedge members 300 radially
outward into the deployed position. Thus, the driven latch
mechanism 128 can help ensure that the wedge members
300 do not disengage or retract unintentionally such that the
core barrel inner tube assembly rises from the drlling
position in a down-angled hole, preventing drilling, or falls
un-announced from an up-angled drill hole. At the same
time, the biasing member 330 can force the landing member
312 proximately, thereby forcing the braking members 310
radially outward into the extended position.

In addition to the foregoing, FI1G. 7 further 1llustrates that
when 1n the drilling position, the piston 344 can pass distally
beyond the bushing 352. This can allow fluid to flow within
the central bore 380, past the seal 130. Thus, the fluid control
member 342 can allow drilling fluid to reach the drill bit 106
to provide flushing and cooling as desired or needed during
a drilling process. One will appreciate 1n light of the
disclosure herein that a pressure spike can be created and
then released as the core barrel reaches the drilling position
and the piston 344 passes beyond the bushing 352. This
pressure spike can provide an indication to a drll operator
that the core barrel assembly 110 has reached the drilling
position, and 1s latched to the drill string 104.

In addition to axially locking or latching the core barrel
assembly 110 1n a drilling position, the driven latch mecha-
nism 128 can rotationally lock the core barrel assembly 110
relative to the drill string 104 such that the core barrel
assembly 110 rotates 1n tandem with the drill string 104. As
previously mentioned, this can prevent wear between the
mating components of the core barrel assembly 110 and the
drill string 104 (1.e., the wedge members 300, the braking
clements 310, the inner diameter 502 of the drills string 104,
landing shoulder at the distal end of the core barrel, landing
ring at the proximal end of the outer tube 112).

In particular, referring to FIG. 8 as the drill string 104
rotates (indicated by arrow 800), the core barrel assembly
110 and the driving member 302 can have an inertia (indi-
cated by arrow 804) that without out the driven latch
mechanism 128 may tend to cause the core barrel assembly
110 not to rotate or rotate a slow rate then the drill string 104.
As shown by FIG. 8, however, rotation of the drll string 104
causes the wedge members 300 to wedge 1n between the
driving surfaces 304 of the driving member 302 and the
inner diameter 502 of the drill string 104 as the rotation of
the drll string 104 tries to rotate the wedge members 300
relative to the driving member 302 (indicated by arrow 802).
The wedging or pinching of the wedge members 300 1n
between the driving surfaces 304 and the imner diameter 502
of the dnll string 104 and rotationally lock the driving
member 302 (and thus the core barrel assembly 110) relative
to the drill string 104. Thus, the driven latch mechanism 128
can ensure that the core barrel assembly 110 rotates together
with the dnll string 104.

One will appreciate 1n light of the disclosure herein that
configuration of the driving surfaces 304 and the inner
diameter 502 of the dnll string 104 can create a circumfier-
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ential taper as shown by FIG. 8. In other words, the distance
between the inner diameter 502 of the drill string 104 and the
driving member 302 can vary circumierentially. This cir-
cumierential taper causes the wedge members 300 to wedge
in between or become pinched between the drill string 104
and the driving member 302, thereby rotationally locking
the core barrel assembly 110 to the drill string 104.

As shown by FIG. 8, 1n at least one implementation, the
circumierential taper between the drill string 104 and the
driving surfaces 104 can be created by the planar configu-
ration of the driving surfaces 304. In alternative implemen-
tations, the driving surfaces 304 may not have a planar
surface. For example, the driving surfaces 304 can have a
concave, convex, rounded, v-shape, or other configuration as
desired. In any event, one will appreciate that the configu-
ration of the driving surfaces 304 can create a circumieren-
tial taper between the driving member 302 and the inner
diameter 502 of the dnll string 104. In yet further imple-
mentations, the driving member 302 can have a generally
circular cross-section, and the inner diameter 502 of the drill
string 104 can include a configuration to create a circum-
terential taper between the inner diameter 502 of the drill
string 104 and the driving surfaces 304 or driving member
302.

One will appreciate 1n light of the disclosure herein that
the braking mechamism 132 can act to prevent proximal
acting forces from moving the core barrel assembly 110 out
of the dnlling position, thereby preventing unintended or
unwanted expulsion. For example, during drilling a pressure
pocket or other anomaly i1n the formation 102 may be
encountered that creates a proximately directed force during
the drilling process. Such a force could force the piston 344
and driving member 302 proximately, which could poten-
tially release the driven latch mechanism 128 (1.e., cause the
wedge members 300 to radially retract out of the annular
groove 702). This 1n turn could allow the proximal force to
potentially shoot the core barrel assembly proximally up the
drill string 104, or blow out the core barrel assembly 110.
The braking mechanism can prevent such an occurrence.

In particular, 1f a proximally acting or disturbance force,
acts to move the first member proximately relative to the
sleeve 204 1t will force the landing member 312 proximately.
This 1n turn can force the tapered surface(s) of the landing
member 312 to drnive the braking elements 310 radially
outward through the brake openings 314 and into engage-
ment with the associated drill rod. The engagement between
the braking elements 310 and the drill string 104 can act to
counter the proximally acting or disturbance force thereby
braking or stopping the head assembly 126 and preventing,
unwanted or unintended expulsion. The braking mechanism
132 can deployed by a proximally acting force, while the
driven latch mechanism 128 1s deployed or retracted, and/or
during pumping in or retracting of the core barrel assembly
110.

At some point 1s may be desirable to retrieve the core
barrel assembly 110, such as when a core sample has been
captured. Referring to FIG. 9, 1n order to retrieve the core
barrel assembly 110, a wireline 145 can be used to lower an
overshot assembly 900 1into engagement with the spearhead
assembly 200. The wireline can then be used to pull the
overshot 900 and spearhead assembly 200 proximally. This
in turn can act to draw the first member 202 proximately
away from the sleeve 204. Proximal movement of the first
member 202 can cause the braking elements 310 to retract
within the upper latch body 308, as they move along the
landing member 312. Furthermore, proximal movement of
the first member 202 can cause the wedge members 300 to
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radially retract as they move along the driving member 302.
Once the first member 202 has been pulled proximately
sufliciently to retract the braking mechanism 132 and the
driven latch mechanism 128, the distal end of the mounting
slots 324 can engage the pin 320, thereby pulling the sleeve
204 proximately.

As previously alluded to previously, numerous variations
and alternative arrangements may be devised by those
skilled 1n the art without departing from the spirit and scope
of this description. For example, core barrel assembly 1n
accordance with the present invention can include a con-
ventional latching mechanism (such as spring-driven p1vot-
ing latches or mechanical link latches) to provide axial
locking, and a driven latch mechanism to provide rotational
locking For example, this could be done by modifying a
head assembly component such as a lower latch body to
include roller elements that engage the inner diameter of the
landing ring which sits in the outer tube. In such a configu-
ration, the lower latch body can include driving surfaces and
a retainer member that allows the roller elements to become
wedged between the driving surfaces and the outer tube,
thereby rotationally locking the lower latch body to the inner
diameter of the landing ring.

A Core Barrel Assembly Having an Up-Hole Bushing

Described herein with reference to FIGS. 10-14 1s a
bushing 600 for positioning within the core barrel assembly
110 during an up-hole drilling operation. It 1s contemplated
that the bushing 600 can be used 1n place of bushing 352
when the core barrel assembly 110 1s used to conduct
up-hole dnlling operations. As used herein, the term “up-
hole drilling operation™ refers to any drilling operation in
which the drill string and core barrel assembly operate 1n a
hole that 1s angled upwardly relative to a horizontal axis.
Thus, any drilling operation in which the force of gravity
works against the direction of drilling can be considered an
“up-hole drilling operation.”

In one aspect, the bushing 600 can have a longitudinal
axis 620. As depicted in FIGS. 10-11, 1t 1s contemplated that
the core barrel assembly 110 can have a longitudinal axis
111. In exemplary aspects, the longitudinal axis 620 of the
bushing 600 can be substantially axially aligned with the
longitudinal axis 111 of the core barrel assembly 110.

In exemplary aspects, the bushing 600 can comprise a
wall 601 having an mnner surface 602 and an outer surface
604. In these aspects, the inner surface 602 can define an
inlet 606, an outlet 608, and a central bore 610 of the bushing
600. It 1s contemplated that the central bore 610 of the
bus. 1111g 600 can surround the longitudinal axis 620 of the
bushing and extend between the inlet 606 and the outlet 608
of the bushing.

In one aspect, the outer surface 604 of the bushing 600 can
have a first portion 612 positioned proximate the inlet 606 of
the bushing and a second portion 614 positioned proximate
the outlet 608 of the bushing. In this aspect, 1t 1s contem-
plated that the first portion 612 of the outer surface 604 of
the wall 601 can project outwardly from the second portion
614 of the outer surface relative to the longitudinal axis 620
of the bushing 600 such that the first portion of the outer
surface defines opposed first and second shoulder surfaces
616, 618 cxtending substantially perpendicularly relative to
the longitudinal axis of the bushing. Optionally, 1n another
aspect, the first portion 612 of the outer surface 604 can
define a slot 613 positioned between the first and second
shoulder surfaces 616, 618 relative to the longitudinal axis
620 of the bushing 600. In this aspect, 1t 1s contemplated that
the slot 613 can extend circumierentially about the first
portion 612 of the outer surface 604 of the bushing 600. It
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1s contemplated that the dimensions and aspect ratio of the
slot 613 can be selectively varied to provide a reduction 1n
the bushing resistance to the interference fit of the valve
piston as the valve piston passes through the bushing.
However, 1t 1s contemplated that the slot can be removed to
provide the maximum resistance and as a result a signifi-
cantly higher flmd pressure build up and greater available
supply fluid pump capacity as to allow for deeper hole
depths.

In exemplary aspects, and as previously described, 1t 1s
contemplated that the bushing 600 can allow the valve
clement (e.g., the piston 344) to remain closed during
retraction of the core barrel assembly 110 such that fluid
pressure can be maintained. In these aspects, 1t 1s contem-
plated that the second portion 614 of the outer surface of the
bushing 600 functions as an extension which permits the
valve to remain closed during retraction of the core barrel
assembly. It 1s Turther contemplated that the bushing 600 can
be applied to a core barrel assembly 110 without a braking
mechanism, thereby permitting application of fluid pressure
to remove weight and spring force from any suitable latch-
ing mechanism, ensuring a substantially load-iree unlatch-
ing process, and preventing build-up of pressurized tluid.

In exemplary aspects, and with reference to FIG. 14, the
inner surface 602 of the bushing 600 can optionally define
a projection 603 positioned between the inlet 606 and the
outlet 608 of the bushing and extending into the central bore
610 of the bushing. In these aspects, the inlet 606 of the
bushing 600 can define a first inner diameter of the bushing,
and the projection 603 can define a second inner diameter of
the bushing. It 1s contemplated that the first inner diameter
of the bushing 600 can be greater than the second inner
diameter of the bushing. It 1s further contemplated that the
projection 603 can circumierentially surround the longitu-
dinal axis 620 of the bushing 600. Optionally, in additional
aspects, 1t 1s Turther contemplated that at least a portion of
the mner surface 602 of the wall 601 of the bushing 600
between the mlet 606 and the projection 603 can be inwardly
tapered relative to the longitudinal axis 620 of the bushing.
It 1s contemplated that the inward taper can provide an angle
transition to guide and gradually centralize the valve piston
and to generate gradual changes in fluid pressures. In
exemplary aspects, 1t 1s contemplated that a shallow angled
taper can be employed to achieve this gradual change in
pressure. In further optional aspects, the inner surface 602 of
the wall 601 can define a recess 622 proximate the projection
603. In these aspects, the recess 622 can be positioned
between the projection 603 and the outlet 608 of the bushing,
600 relative to the longitudinal axis 620 of the bushing. It 1s
contemplated that the recess 622 can be configured to
receive at least a portion of the piston 344. It i1s further
contemplated that the relative dimensions and angles of the
recess 622 can be configured to achieve a different fit and
pressure signal (upon engagement with the piston) when
compared to the projection 603.

In other exemplary aspects, the sleeve 204 of the core
barrel assembly 110 can have an inner surface 2035 that
defines an mnner projection 37S5. In these aspects, 1t 1s
contemplated that at least a portion of the outer surface 604
of the bushing 600 can be configured for engagement with
the inner surface 205 of the sleeve 204. It 1s further con-
templated that the second shoulder surface 618 of the
bushlng 600 can be configured for engagement with the
inner projection 375 of the sleeve 204. It 1s still further
contemplated that the inner projection 373 of the sleeve 204
can be positioned proximate a first fluid port of the at least
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1s 1 fluid communication with the first fluid port. In exem-
plary aspects, at least a portion of the second portion 614 of
the outer surface 604 of the bushing 600 can overlap with a
portion of at least one fluid port 370 relative to the longi-
tudinal axis 111 of the core barrel assembly 110 such that a
portion of the second portion of the outer surface of the
bushing 1s substantially adjacent to an innermost portion of
the fluid port.

In another aspect, the core barrel assembly 110 can
comprise a lower latch body 700 removably coupled to the
sleeve 204. In this aspect, 1t 1s contemplated that the first
shoulder surface 616 of the bushing 600 can be configured
for engagement with the lower latch body 700. It 1s further
contemplated that the lower latch body 700 can have a first
surface 702 that defines an outlet 704 1n fluid communica-
tion with the inlet 606 of the bushing 600, with the outlet of
the lower latch body being in commumication with central
bore 380.

In an additional aspect, the piston 344 can have an end
portion 347 and an elongate shait portion 3435. In this aspect,
the piston 344 can be configured for axial movement relative
to the longitudinal axis 111 of the core barrel assembly 110.
It 1s contemplated that the central bore 610 of the bushing
600 can be configured to receive at least a portion of the
piston 344 such that axial movement of the piston relative to
the longitudinal axis 620 of the core barrel head assembly
610 seclectively controls fluid flow through the bushing. It 1s
turther contemplated that at least the end portion 347 of the
piston 344 can remain within the central bore 610 of the
bushing at all times.

In exemplary aspects, the piston 344 can be moveable
about and between a blocking position and an open position.
In these aspects, as depicted 1n FIG. 10, 1n the open position,
the piston 344 can be positioned between the projection 603
of the bushing 600 and the 1nlet 602 of the bushing such that
the piston 1s disengaged from the mner surface 602 of the
bushing. As depicted in FI1G. 11, 1n the blocking position, the
end portion 347 of the piston 344 can be configured for
engagement with at least a portion of the inner surface 602
of the bushing 600. For example, 1t 1s contemplated that the
end portion 347 of the piston 344 can be configured for
engagement with the iner surface 602 of the bushing 600
between the projection 603 of the bushing and the outlet 608
of the bushing. In further aspects, 1t 1s contemplated that the
recess 622 of the bushing 600 can be configured to receive
at least the end portion 347 of the piston 344 when the piston
1s positioned 1n the blocking position. In these aspects, 1n
order to move the piston 344 from the blocking position to
the open position, an axial force suflicient to advance the end
portion 347 of the piston out of the recess 622 and past the
projection 603 must be apphed It 1s contemplated that the
axial force must also be sufficient to overcome any water
that 1s resting against the end portion 347 of the piston 344.

In exemplary aspects, the piston 344 can be operatively
coupled to the driven latch mechanism 128 and the braking
mechanism 132 such that the piston 1s positioned i1n the
blocking position when the driven latch mechanism and the
braking mechanism are 1n a retracted position (FIG. 11) and
the piston 1s positioned 1n the open position when the driven
latch mechanism and the braking mechanism are 1n a
deployed and/or extended position (FIG. 10). Thus, when
the core barrel assembly 1s advanced 1nto a hole or removed
from a hole, i1t 1s contemplated that the piston 344 can be
positioned in the blocking position, and the driven latch
mechanism 128 and the braking mechanism 132 can be
positioned in the retracted position. It 1s further contem-
plated that, upon landing of the core barrel assembly 1n a
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drilling position, the piston 344 can be positioned in the
open position, and the driven latch mechanism 128 and the
braking mechanism 132 can be positioned 1n the deployed
and/or extended position as described herein. It 1s contem-
plated that the positioning of the piston 344 i1n the open
position (such as, for example, by passage of the end portion
347 of the piston through the projection 603 of the bushing
600) can cause a pressure drop as water begins draining
through the central bore 610 of the bushing 600 and the at
least one fluid port 370 of the sleeve 204. Thus, 1t is
contemplated that the piston 344 can function as a landing
indicator for the core barrel assembly 110.

In additional aspects, it 1s contemplated that the end
portion 347 of the piston 344 and the outlet 608 of the
bushing 600 can have respective diameters. In these aspects,
it 1s contemplated that the diameter of the outlet 608 can be
less than or equal to the diameter of the end portion 347 of
the piston 344 such that the end portion of the piston 1s
positioned within the bushing 600 1n an interference fit. In
additional aspects, the first inner diameter of the bushing 600
(defined by the inlet 606 of the bushing as described above)
can be greater than the diameter of the end portion 347 of the
piston. In still further aspects, the second mnner diameter of
the bushing 600 (defined by the projection 603 as described
above) can be less than the diameter of the end portion 347
of the piston. In still further aspects, the elongate shaft
portion 345 of the piston 344 can have a diameter that 1s less
than the diameter of the end portion 347 of the piston. In
exemplary aspects, the end portion 347 of the piston 600 can
conform to the shape of the recess 622 and the projection
603 such that, when the end portion of the piston 1s posi-
tioned within the recess, the end portion of the piston
cooperates with the projection to maintain a blocking posi-
tion 1n which water cannot pass around the piston.

Although several embodiments of the invention have been
disclosed 1n the foregoing specification, it 1s understood by
those skilled 1n the art that many modifications and other
embodiments of the invention will come to mind to which
the invention pertains, having the benefit of the teaching
presented in the foregoing description and associated draw-
ings. It 1s thus understood that the mvention 1s not limited to
the specific embodiments disclosed hereinabove, and that
many modifications and other embodiments are intended to
be included within the scope of the appended claims. More-
over, although specific terms are employed herein, as well as
in the claims which follow, they are used only 1n a generic
and descriptive sense, and not for the purposes of limiting
the described 1invention, nor the claims which follow.

What 1s claimed 1s:

1. A valve assembly for positioning within a core barrel
assembly during an up-hole drilling operation, the valve
assembly comprising:

a bushing having a longitudinal axis and a wall, the wall
having an inner surface and an outer surface, the inner
surface defining an inlet, an outlet, and a central bore of
the bushing, the central bore surrounding the longitu-
dinal axis and extending between the inlet and the
outlet of the bushing, the outer surface having a first
portion positioned proximate the inlet of the bushing
and a second portion positioned proximate the outlet of
the bushing, wherein the first portion of the outer
surface of the wall projects outwardly from the second
portion of the outer surface relative to the longitudinal
axis of the bushing such that the first portion of the
outer surface defines opposed first and second shoulder
surfaces extending substantially perpendicularly rela-
tive to the longitudinal axis, wherein the mner surface
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defines a projection positioned between the inlet and
the outlet of the bushing within the central bore of the
bushing, and wherein the outlet of the bushing has an
inner diameter; and

a piston moveable about and between a blocking position
and an open position relative to the longitudinal axis of
the bushing, wherein the piston has an end portion that
remains within the central bore of the bushing as the
piston moves about and between the blocking position
and the open position, and wherein the end portion of
the piston has a diameter greater than the inner diam-
cter of the outlet of the bushing,

wherein the mner surface of the wall of the bushing
maintains the piston 1n the blocking position as the end
portion of the piston moves axially between the pro-
jection of the bushing and the outlet of the bushing, and
wherein, 1n the blocking position, the piston blocks
fluid flow through the bushing.

2. The valve assembly of claim 1, wherein the first portion
of the outer surface of the wall of the bushing defines a slot
positioned between the first and second shoulder surfaces
relative to the longitudinal axis of the bushing.

3. The valve assembly of claim 1, wherein the inlet of the
bushing has an mnner diameter, and wherein the projection
has an inner diameter, the inner diameter of the inlet of the
bushing being greater than the mner diameter of the projec-
tion of the bushing.

4. The valve assembly of claim 3, wherein at least a
portion of the inner surface of the wall of the bushing
between the inlet and the projection 1s mwardly tapered
relative to the longitudinal axis of the bushing.

5. The valve assembly of claim 3, wherein the inner
surface of the wall of the bushing defines a recess proximate
the projection, the recess being positioned between the
projection and the outlet of the bushing relative to the
longitudinal axis of the bushing.

6. The valve assembly of claim 5, wherein the recess 1s
configured to recerve at least a portion of the end portion of
the piston as the piston moves axially toward the inlet of the
bushing, and wherein the end portion of the piston 1s
configured to cooperate with the projection of the bushing to
maintain the piston 1n the blocking position.

7. The valve assembly of claim 3, wherein the projection
circumierentially surrounds the longitudinal axis of the
bushing.

8. The valve assembly of claim 1, wherein, 1n the open
position, the piston 1s positioned axially between the pro-
jection of the bushing and the inlet of the bushing and 1s
disengaged from the inner surface of the bushing.

9. A core barrel assembly configured to be removably
received within a dnll string, the core barrel assembly
having a longitudinal axis and comprising:

a sleeve defining at least one fluid port and having an
inner surface, the inner surface of the sleeve having an
inner projection;

a lower latch body removably coupled to the sleeve;

a bushing positioned within the sleeve, the bushing hav-
ing an inner surface and an outer surface, the inner
surface defining an 1nlet, an outlet, and a central bore of
the bushing, the central bore surrounding the longitu-
dinal axis of the core barrel assembly and extending
between the inlet and the outlet of the bushing, the
outer surface having a first portion positioned proxi-
mate the inlet of the bushing and a second portion
positioned proximate the outlet of the bushing, wherein
the first portion of the outer surface of the bushing
projects outwardly from the second portion of the outer
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surface relative to the longitudinal axis of the bushing
such that the first portion of the outer surface defines
opposed first and second shoulder surfaces extending
substantially perpendicularly relative to the longitudi-
nal axis, wherein the inner surface defines a projection
positioned between the inlet and the outlet of the
bushing within the central bore of the bushing, and
wherein the outlet of the bushing has an inner diameter;
and

a piston moveable about and between a blocking position
and an open position relative to the longitudinal axis of
the core barrel assembly, wherein the piston has an end
portion that remains within the central bore of the
bushing as the piston moves about and between the

blocking position and the open position, and wherein
the end portion of the piston has a diameter greater than
the mner diameter of the outlet of the bushing,

wherein at least a portion of the outer surface of the
bushing 1s configured for engagement with the inner
surface of the sleeve,
wherein the first shoulder surface of the bushing 1s
configured for engagement with the lower latch body,

wherein the second shoulder surface of the bushing 1s
configured for engagement with the inner projection of
the sleeve, and

wherein the inner surface of the bushing maintains the

piston 1n the blocking position as the end portion of the
piston moves axially between the projection of the
bushing and the outlet of the bushing, and wherein, in
the blocking position, the piston blocks fluid flow
through the bushing.

10. The core barrel assembly of claim 9, wherein the
lower latch body defines an outlet 1n communication with
the 1nlet of the bushing.

11. The core barrel assembly of claim 9, wherein the inner
projection of the sleeve 1s positioned proximate a first thuid
port of the at least one fluid port such that the outlet of the
bushing 1s 1n fluid communication with the first fluid port.

12. The core barrel assembly of claim 9, wherein, 1in the
open position, the piston 1s positioned axially between the
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projection of the bushing and the inlet of the bushing and 1s
disengaged from the inner surface of the bushing.

13. The core barrel assembly of claim 12, wherein the
inlet of the bushing has an 1mner diameter, and wherein the
projection of the bushing has an inner diameter, the inner
diameter of the inlet of the bushing being greater than the
inner diameter of the projection of the bushing.

14. The core barrel assembly of claim 13, wherein at least
a portion of the mner surface of the bushing between the
inlet and the projection of the bushing 1s inwardly tapered
relative to the longitudinal axis of the core barrel assembly.

15. The core barrel assembly of claim 12, wherein the
inner surtface of the bushing defines a recess proximate the
projection of the bushing, the recess being positioned
between the projection of the bushing and the outlet of the
bushing relative to the longitudinal axis of the core barrel
assembly.

16. The core barrel assembly of claim 15, wherein the
recess of the bushing 1s configured to receive at least the end
portion of the piston as the piston moves axially toward the
inlet of the bushing, and wherein the end portion of the
piston 1s configured to cooperate with the projection of the
bushing to maintain the piston 1n the blocking position.

17. The core barrel assembly of claim 12, wherein the
projection of the bushing circumierentially surrounds the
longitudinal axis of the core barrel assembly.

18. The core barrel assembly of claim 12, further com-
prising a driven latch mechanism configured for movement
about and between a retracted position 1n which the driven
latch mechanism 1s disengaged from the drill string and a
deployed position 1n which the driven latch mechanism
engages the dnll string to prevent rotation of the core barrel
assembly relative to the dnll string, wherein the piston 1s
operatively coupled to the driven latch mechanism such that
the piston 1s positioned in the blocking position when the
driven latch mechanism 1s 1n the retracted position.

19. The core barrel assembly of claim 9, wherein the first
portion of the outer surface of the bushing defines a slot
positioned between the first and second shoulder surfaces
relative to the longitudinal axis of the core barrel assembly.
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